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About This Chapter 

While significant progress has been made in implementing restoration projects since 
adoption of the Delta Reform Act in 2009, the Delta ecosystem continues to decline. 
There remains an urgent need to expand and expedite major changes to the Delta 
landscape, and to align state and federal priorities to hasten the creation of new 
opportunities to protect, restore, and enhance the Delta ecosystem. Additional research 
and scientific information will be needed to guide management decisions as climate 
change accelerates and as new opportunities for restoration arise within the Delta and 
its watershed. 

This chapter presents five core strategies to achieve the coequal goal of protecting, 
restoring, and enhancing the Delta ecosystem, as set forth in the Delta Reform Act: 

1. Create more natural, functional flows 

2. Restore ecosystem function 

3. Protect land for restoration and safeguard against land loss 

4. Protect native species and reduce the impact of nonnative invasive species 

5. Improve institutional coordination to support implementation of ecosystem 
protection, restoration, and enhancement 

 

 

 

 

 

These core strategies form the basis for the six policies and fifteen recommendations 
pertinent to the coequal goal of protecting, restoring, and enhancing the Delta 
ecosystem, which are found at the end of this chapter. 



CHAPTER 4. PROTECT, RESTORE, AND ENHANCE THE DELTA ECOSYSTEM 

4-2 DELTA PLAN, AMENDED – DRAFT – MAY 2020 

Relevant Legislation 
 

The coequal goals for the Delta (California 
Water Code section 85054) are relevant to 
ecosystem restoration: 

"Coequal goals" means the two goals of 
providing a more reliable water supply 
for California and protecting, restoring, 
and enhancing the Delta ecosystem. 
The coequal goals shall be achieved in 
a manner that protects and enhances 
the unique cultural, recreational, natural 
resource, and agricultural values of the 
Delta as an evolving place. 

Eight objectives in California Water Code 
section 85020 are inherent in the coequal 
goals, and three are relevant to this chapter 
(Section 85020(a), (c), and (e)): 

85020 The policy of the State of 
California is to achieve the following 
objectives that the Legislature declares 
are inherent in the coequal goals for 
management of the Delta: 

(a) Manage the Delta’s water and 
environmental resources and the 
water resources of the state over 
the long term. 

(c) Restore the Delta ecosystem, 
including its fisheries and wildlife, as 
the heart of a healthy estuary and 
wetland ecosystem. 

(e) Improve water quality to protect 
human health and the environment 
consistent with achieving water 
quality objectives in the Delta. 

The coequal goals and inherent objectives 
seek broad protection of the Delta. 
Achieving these broad goals and objectives 
requires implementation of specific 
strategies. California Water Code sections 
85022 and 85302 provide direction on the 
implementation of specific measures to 
promote the coequal goals and inherent 
objectives related to the Delta ecosystem 
restoration. Those relevant to this chapter 
are: 

85022(d) The fundamental goals for 
managing land use in the Delta are to do all 
of the following: 

(1) Protect, maintain, enhance, and, 
where feasible, restore the overall 
quality of the Delta environmental and 
its natural and artificial resources. 

(2) Ensure the utilization and 
conservation of Delta resources, taking 
into account the social and economic 
needs of the people of the state. 

(5) Develop new or improved aquatic 
and terrestrial habitat and protect 
existing habitats to advance the goal of 
restoring and enhancing the Delta 
ecosystem. 

(6) Improve water quality to protect 
human health and the environment 
consistent with achieving water quality 
objectives in the Delta. 

85302(a) The implementation of the Delta 
Plan shall further the restoration of the Delta 
ecosystem and a reliable water supply. 

85302(b) The geographic scope of the 
ecosystem restoration projects and 
programs identified in the Delta Plan shall 
be the Delta, except that the Delta Plan may 
include recommended ecosystem projects 
outside the Delta that will contribute to 
achievement of the coequal goals. 

85302(c) The Delta Plan shall include 
measures that promote all of the following 
characteristics of a healthy Delta ecosystem: 

(1) Viable populations of native resident 
and migratory species. 

(2) Functional corridors for migratory 
species. 

(3) Diverse and biologically appropriate 
habitats and ecosystem processes. 

(4) Reduced threats and stresses on the 
Delta ecosystem. 
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(5) Conditions conducive to meeting 
or exceeding the goals in existing 
species recovery plans and state 
and federal goals with respect to 
doubling salmon populations. 

85302(d) The Delta Plan shall include 
measures to promote a more reliable 
water supply that address… the 
following: 

(1) Meeting the needs for 
reasonable and beneficial uses of 
water. 

(3) Improving water quality to 
protect human health and the 
environment. 

85302(e) The following subgoals and 
strategies for restoring a healthy 
ecosystem shall be included in the Delta 
Plan: 

(1) Restore large areas of 
interconnected habitats within the 
Delta and its watershed by 2100. 

(2) Establish migratory corridors for fish, 
birds, and other animals along selected 
Delta river channels. 

(3) Promote self-sustaining, diverse 
populations of native and valued species 
by reducing the risk of take and harm 
from invasive species. 

(4) Restore Delta flows and channels to 
support a healthy estuary and other 
ecosystems. 

(5) Improve water quality to meet 
drinking water, agriculture, and 
ecosystem long-term goals. 

(6) Restore habitat necessary to avoid a 
net loss of migratory bird habitat and, 
where feasible, increase migratory bird 
habitat to promote viable populations of 
migratory birds. 
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CHAPTER 4 

Protect, Restore, and Enhance the Delta 
Ecosystem 
The Delta Stewardship Council (Council) works to achieve the goal of protecting, restoring, 
and enhancing the Delta ecosystem (California Water Code section 85054). Inherent in that 
goal is the objective to “restore the Delta ecosystem, including its fisheries and wildlife, as the 
heart of a healthy estuary and wetland ecosystem” (California Water Code section 85020[c]). 
This chapter presents core strategies, policies, and recommendations for protecting, restoring, 
and enhancing the Delta ecosystem, based on current scientific understanding of opportunities 
and constraints, to achieve that coequal goal, and to benefit both the Delta ecosystem and 
native resident and migratory species (see highlighted section on the next page, “What Does It 
Mean to Achieve the Goal of Protecting, Restoring, and Enhancing the Delta Ecosystem?”). 
Success will require continued collaboration among local, state, and federal agencies, and 
strong partnerships with nongovernmental organizations and the private sector. 

The Delta: A Unique Ecological Resource 
The Delta and Suisun Marsh (together, “the Delta” [23 CCR 5001(k)]) are part of the largest 
estuary on the west coast of the Americas. The Delta’s system of channels, bays, and sloughs 
connects the upper watersheds of the Sacramento Valley, the foothills of the Sierra Nevada 
Mountains, and the great Central Valley to Suisun Marsh, the San Francisco Bay, and marine 
environments of the Pacific Ocean. Suisun Marsh is one of the largest contiguous estuarine 
wetlands in North America; an important nursery for fish; a wintering and nesting area for 
waterfowl and waterbirds; and an essential habitat for plants, fish, and wildlife, including 
several scarce and sensitive species. 

The ecosystems supported by the Delta and its watersheds are an integral component of the 
California Floristic Province, one of 25 biodiversity hotspots of global importance for 
conservation of species (Myers et al. 2000, Healey et al. 2016, Appendix Q4). Because it is 
located at the confluence of California’s two largest rivers, the Delta serves as a key migration 
corridor for many fish and wildlife species. All Central Valley anadromous fish species migrate 
through the Delta, as adult fish return to their home rivers and streams to spawn, and juveniles 
migrate out to the ocean. 
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The Delta also serves as important juvenile fish rearing habitat. For example, juvenile Chinook 
salmon and steelhead depend on the Delta as transient rearing habitat while they migrate to 
the ocean. Juvenile anadromous fish can remain in the Delta for several months, feeding in 
wetlands, tidal flats, and sloughs. Other fish species, including the native delta smelt, longfin 
smelt, and Sacramento splittail, are year-long estuary residents. Suisun Marsh harbors a 
greater percentage of native fish than the remainder of the Delta, in part because its brackish 
water limits nonnative species. Additionally, the marsh has many diverse tidal sloughs that 
provide food and refuge (Moyle et al. 2010). 

The Delta also serves as a critical link between Sacramento Valley and San Joaquin Valley 
terrestrial wildlife populations. The Delta and its watershed provide a unique habitat resource 
for more than 200 species of marine and freshwater fish, as well as millions of migratory 
waterfowl and other migratory and resident birds (Council 2018a, Appendix Q4). Delta 
waterways help support California’s $1.5 billion commercial and recreational fishing industries 
(TNC 2017). Maintaining the Delta ecosystem is critical for supporting the 80 percent of 
commercial fishery species that migrate through or live in the Delta (Water Education 
Foundation 2019). 
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WHAT DOES IT MEAN TO ACHIEVE THE COEQUAL GOAL OF 
PROTECTING, RESTORING, AND ENHANCING THE DELTA 
ECOSYSTEM? 
Achieving the coequal goal of ecosystem protection, restoration, and enhancement means successfully 
establishing a resilient, functioning estuary and surrounding terrestrial landscape capable of supporting 
viable populations of native, resident and migratory species with diverse and biologically appropriate 
habitats, functional corridors, and ecosystem processes (23 California Code of Regulations (CCR) section 
5001[h][2]). 
As defined in the Delta Plan, the term restoration means: 

“the application of ecological principles to restore a degraded or fragmented ecosystem and return it to a 
condition in which its biological and structural components achieve a close approximation of its natural 
potential, taking into consideration the physical changes that have occurred in the past and the future 
impact of climate change and sea level rise” (California Water Code section 85066, see also 23 CCR 
section 5001[bb]). 

Restoration actions may include restoring interconnected habitats within the Delta and its watershed, 
restoring more natural Delta flows, or improving ecosystem water quality (23 CCR section 5001[bb]). This, 
in turn, can contribute to species recovery. 
Protection means “preventing harm to the ecosystem, which could include preventing the conversion of 
existing habitat, the degradation of water quality, irretrievable conversion of lands suitable for restoration, 
or the spread of invasive nonnative species” (23 CCR section 5001[z]). 

 

Enhancement means “improving existing desirable habitat and natural processes” (23 CCR section 
5001[o]). For example, enhancement includes flooding the Yolo Bypass more often to support native 
species or to expand or better connect existing habitat areas. Enhancement also includes many fish and 
wildlife management practices, such as managing wetlands for waterfowl production or shorebird habitat, 
installing fish screens to reduce entrainment of fish at water diversions, or removing barriers that block 
migration of fish to upstream spawning habitats (23 CCR section 5001[o]). 

The Delta’s Historical Ecology 
The pre-1849 Delta and Central Valley supported extensive wetland, riparian, and grassland 
ecosystems which provided habitat for more than 750 species of plants, fish, and other wildlife 
(Healey et al. 2008, Healey et al. 2016). These ecosystems produced significant organic 
carbon through a process known as primary production, providing energy to support the 
estuary food web (The Bay Institute 1998). The dynamic nature of salinity within the Delta 
supported a resident fish community which included both brackish-water and freshwater 
species (The Bay Institute 1998). 

Through the early 1800s, rivers traversed approximately 400,000 acres of tidal wetlands and 
other aquatic habitats in the Delta, connecting with several hundred thousand acres of nontidal 
wetlands and riparian forest (see Figure 4-1). Delta river and tidal channel flows varied by 
season and year to year, sometimes pouring from the Sierra in great floods whose fresh 
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waters overflowed wetlands and floodplains, and at other times declining as droughts shriveled 
rivers and brackish tidewaters pushed inland. The Delta’s historical landscape also varied from 
north to south. In the north Delta, flood basins occurred where the Sacramento River 
intertwined with tidal channels. A vast area of freshwater wetlands dominated by tules 
transitioned into tidal wetlands. Shallow perennial ponds and lakes, broad riparian forests 
along natural levees, and seasonal wetlands at the upland edge were also common. The 
central Delta was characterized by large, tidal islands that flooded during spring tides, or more 
frequently, were intersected by networks of branching tidal channels. Low channel banks were 
covered by the willows, grasses, sedges, and shrubs that also grew in island interiors. The 
south Delta contained a complex network of channels formed predominantly by riverine 
processes. The floodplain was comprised of emergent wetlands, perennial and seasonal 
ponds, willow thickets, and seasonal wetlands. Driftwood and other woody debris, from riparian 
forests along the rivers, filled some channels. Suisun Marsh was a brackish marsh 
characterized by variability in hydrodynamics, salinity, and wind patterns, creating a diverse 
mosaic of tidal marsh, islands, and mudflats; shallow ponds, pannes, and vernal pools; and 
upland transition zones (Manfree 2014). 

Historical records describe a rich and complex Delta with habitats supporting diverse and 
abundant native plants and animals (Grossinger et al. 2010, Whipple et al. 2010, Whipple et al. 
2012). Some fish, including delta smelt, schooled in the open waters of bays and channels in 
the western Delta, and moved east when brackish water intruded from San Francisco Bay. 
Other resident wildlife and plants also prospered: native birds such as rails in tidal and tule 
marshes; giant garter snakes in freshwater wetlands and ponds; and riparian brush rabbits and 
riparian woodrats in willow thickets and riparian forests. Each fall, salmon and steelhead, 
drawn by the swelling Sacramento and San Joaquin Rivers, migrated inland from the ocean 
and navigated upstream to spawning areas in tributaries. As river flows receded, their 
offspring, emerging from the tributaries’ spawning gravel, would return downstream and shelter 
in driftwood-lined eddies or undercut riverbanks, feeding in Delta sloughs, wetlands, and 
floodplains before returning to the sea. Waterfowl, cranes, and shorebirds migrated through 
the Delta along a north-south route stretching from the Arctic to Mexico or beyond. Songbirds 
followed a similar path through connected riparian woodlands from the Sacramento Valley 
through the Delta to the San Joaquin Valley. 

Indigenous peoples have lived in the Delta for thousands of years, and they made use of many 
Delta plant, animal, and mineral resources (Helzer 2015). Research over the past several 
decades has revealed extensive indigenous knowledge of the use of burning to manage the 
Delta landscape. Indigenous peoples used burning to maintain grassland cover and forage for 
animals, to improve seed and acorn access, to aid in hunting small game, to control chaparral 
distribution, and to reduce pathogens and parasites such as ticks (Keeley 2002, Anderson 
2005). Indigenous peoples also tended certain plant species, particularly those used for 
basketry material such as sedge, willow, dogwood, and redbud, through regular pruning and 
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rhizome harvesting and through regular overturning of the soil as part of tuber harvesting 
(Anderson 2005, Zedler and Stevens 2018). Milkweed and hemp, which were tended to and 
supplied food for pollinators, are now largely absent. Fish habitat was likely enhanced by 
indigenous management of riparian areas (Zedler and Stevens 2018). Tribal modification and 
tending of the Delta was likely extensive and profound; ethnographies suggest that there were 
at least 20 native villages spread throughout the Delta at key locations (Schenck 1926, Levy 
1978). 

Indigenous cultures place great value on managing plants and wildlife for maintaining a broad 
diversity of species and environments within the natural landscape. Many species play 
important roles in traditional stories, the understanding of place, and the practical use in 
everyday life (Hankins 2018). These roles contribute to these resources being important 
aspects of tribal cultures. Resources of particular cultural importance for indigenous peoples 
who lived within the estuary for millennia include important food staples such as fish (e.g., 
Chinook salmon); certain herbs, roots, and berries used for medicine; and plants which 
provided fiber for personal use or trade (e.g., tules used to construct shelters, and “white root” 
sedges and willows used for basket-weaving) (Zedler and Stevens 2018). Indigenous 
Californians might have harvested over 500 species of plants alone for various uses (Zedler 
and Stevens 2018). 

Euro-American settlement of the Delta had a devastating effect on the area’s tribes, and led to 
the 1833 epidemic, which, according to some estimates, may have resulted in the death of 75 
percent of the region’s indigenous peoples (Cook 1955, Castillo 1978). This loss, as well as 
displacement and removal from traditional lands, effectively ended wide-scale indigenous 
landscape management in the Delta and Suisun Marsh by the mid-nineteenth century. 
Indigenous peoples continue to maintain strong relationships with Delta lands, waters, and 
organisms (Hankins 2018). 
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EXAMPLES OF HISTORICAL DELTA ECOSYSTEMS 
While the Delta will never be restored to historical conditions, a few examples still exist of the 
historical Delta ecosystem that support native species and that are functioning similarly today as they 
did historically. These remnants have been protected, restored and/or enhanced, and they provide 
examples of what restored Delta landscapes may look like: 

• Tidal wetlands at Rush Ranch possess a largely intact prehistoric marsh form, high levels of 
hydrogeomorphic complexity, habitat for rare and endemic plants, and a gradual transition 
between the marsh and undeveloped upland grasslands (Whitcraft et al. 2011). These wetlands 
have branching channels that support native tidal vegetation. Although an estimated 27 percent of 
the current estuarine wetland plants at Rush Ranch are nonnative (Whitcraft et al. 2011), the site 
provides habitat for several rare plant species including Suisun thistle, Suisun marsh aster, and 
Jepson's Delta tule pea. Rush Ranch is owned and managed by the Solano Land Trust. 

• Riparian floodplain at the Tall Forest on the Cosumnes River is an example of a late-
successional riparian forest with a canopy height of up to nearly 100 feet. This 100-acre parcel is 
one of the few areas that to some extent resembles the pre-European Central Valley riparian 
forests. Most of the forest is about 75 years old. Over 200 bird species have been recorded in this 
area and a high bird-species diversity is well-documented (Nur et al. 2006). The Tall Forest is 
owned by The Nature Conservancy and managed by the Bureau of Land Management as part of 
the Cosumnes River Preserve. 

• Vernal pool grasslands at Jepson Prairie in the northwest Delta provide an example of a Delta 
landscape that still has largely intact topography, hydrology, and soils. Although the upland 
grassland is now mostly dominated by nonnative plant species, the numerous vernal pools support 
a high diversity of native plant species, and provide habitat for unique, rare and imperiled plant 
and wildlife species, such as Solano grass, Colusa grass, the Delta green ground beetle, and 
Conservancy fairy shrimp. The Jepson Prairie Preserve is owned and managed by the Solano 
Land Trust. 
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Figure 4-1. Comparison of Historical (Early 1800s) and Modern Delta Waterways 
Figure 4-1 contrasts the historic extent of waterways and tidal marsh habitat in the Delta (left panel) with the 
modern extent (right panel). The historical map shows that through the early 1800s, rivers traversed 
approximately 400,000 acres of tidal wetlands and other aquatic habitats in the Delta, connecting with several 
hundred thousand acres of nontidal wetlands and riparian forest. The modern map shows major changes to the 
waterways and tidal marsh habitat, such as channel widening, meander cuts, cross levees, and loss of within-
island channel networks and tidal wetlands. The historical map shows that historical tidal wetland extended over 
the majority of the Delta. The modern map shows that modern tidal wetland extent is limited to scattered patches, 
with the largest patches located in the Suisun Marsh and the western Delta.  

Alternative formats of this map are available upon request. 

• Source: SFEI 2012  
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The State of the Modern Delta 
The state of the modern Delta ecosystem (mid-1800s to present) has been severely affected 
by loss of natural communities, loss of land-water connections, and alteration of hydrology. 
These stressors have caused a loss of ecosystem function, imperiling many native species 
and decreasing their resilience to other stressors such as nonnative invasive species, 
predation, and climate change. The list of endemic and native special-status species that 
informed the development of regional ecosystem restoration targets for this chapter is provided 
in Appendix Q4. Major causes for ecosystem decline discussed in this section include: large-
scale conversion of wetlands to other land uses, widespread construction of levees, 
simplification of open water habitat, land subsidence, decline in primary productivity and food-
web structure, invasive species, predation, decline of native species, and deterioration of water 
quality. 

Loss and Modification of Natural Communities 
Humans have physically transformed the Delta landscape over the past 170 years, resulting in 
the near total conversion of wetland, riparian, and floodplain ecosystems. Large-scale levee 
construction, draining of wetlands, forest clearing, and grazing began in the mid-1800s. Many 
of the levees were raised to keep floodwaters from entering uplands, even though the 
subsequent higher flood levels resulted in increased flooding of unprotected lands (Gilbert 
1917). As a result, approximately 95 percent of the native ecosystems and vegetation 
communities were lost in the late 1800s and early 1900s (Thompson 1957, Bay Institute 1998, 
SFEI-ASC 2014). The loss of natural land cover has limited the capacity of the landscape to 
meet the life history requirements of fish and wildlife populations. The loss of riparian and 
wetland vegetation, and construction of fish migration barriers have significantly limited the 
space on the landscape which can serve as species habitat (DWR 2014, SFEI-ASC 2016). 

Draining and farming the Delta’s historical wetlands also exposed the Delta’s peat soils to 
oxidation, compaction, and wind erosion, resulting in widespread land subsidence. Soil 
oxidation in the Delta is a major land-based contributor to carbon emissions in California (ARB 
2018). Because of historic and ongoing subsidence, much of the Delta lies substantially below 
mean sea level—by as much as 26 feet in the interior Delta (Mount and Twiss 2005). Land 
elevations that are below sea level, combined with the future impacts of sea level rise, make 
much of the Delta vulnerable to catastrophic flooding. Current elevations also limit 
opportunities to reconnect historical tidal plains to channels, because wetland plants will only 
become established when land elevations fall within the tidal range. Many Delta islands lie well 
below intertidal elevation and, if flooded, would become deepwater habitat (as happened with 
Franks Tract and Mildred Island) instead of tidal marsh. The widespread conversion of the 
Delta’s natural communities has had several interrelated consequences for the Delta 
ecosystem. Those consequences include: 1) a reduction in habitat extent, 2) loss of habitat 
diversity, 3) loss of connectivity within and among habitat types, 4) degradation of habitat 
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quality, and 5) disconnection of habitats from the physical processes that form and sustain 
them (SFEI-ASC 2014). 

Tidal wetlands in the modern Delta no longer span broad continuous gradients; instead they 
persist as isolated narrow patches (Figure 4-1). The small size of these existing tidal wetland 
patches severely limits the wildlife populations that can be supported. The few remaining 
wetland patches are often quite isolated from one another, creating challenges for marsh-
dependent species to move between patches. The habitat quality of these marsh patches is 
also further degraded by the effects of invasive species, nutrient and contaminant loading, and 
a decline of sediment input from the upper watershed as a result of dams (SFEI-ASC 2014, 
Council 2018b). 

The area of valley foothill riparian forest in the modern Delta has been estimated to be reduced 
by more than 70 percent compared to the historical Delta, consequently leading to a 
substantial decline of the ecological functions provided by large, interconnected riparian 
corridors. A key factor in the decline of riparian forests in the Delta is that they are often 
physically disconnected from rivers by constructed levees, and they are thereby isolated from 
the physical processes that created and sustained them. The riparian communities in the Delta 
that remain are now largely narrow, isolated patches, representing a loss in connected 
corridors that are important for movement and migration of many wildlife species (SFEI-ASC 
2014). Wildlife living in most woody riparian patches is subjected to the effects of diminished 
patch size, severed connections, and increased threats from the surrounding landscape 
(Wiens et al. 2016). 

The geometry of the Delta’s main tidal channels has also been highly modified since the mid-
1800s (Figure 4-1). Most of the channels in the modern Delta are lined with steep, constructed 
levees armored with bank protection (e.g., riprap) which isolate the channel from adjacent 
habitats and prevent the channel from naturally meandering and shifting course over time. The 
large channels of the Delta were straightened with meander cutoffs, as well as dredged and 
widened to facilitate navigation through the Delta. These modifications created channel 
networks with more homogenized abiotic conditions (e.g., salinity, temperature, nutrients, etc.) 
which reduced the ability for native fish to find and remain within areas with preferred habitat 
conditions (SFEI-ASC 2014). The altered geometry of the Delta channels also tends to flush 
water through the Delta more quickly, compared to historical conditions when water slowed 
down within highly sinuous channels and regularly overflowed laterally onto tidal wetlands and 
seasonal floodplains. These changes often contribute to higher average velocities and lower 
residence times, consequently inhibiting primary productivity of the aquatic food web. 

While estuarine ecosystems are typically associated with high rates of primary productivity, a 
function of the variable freshwater-marine interface, the estimated amount of phytoplankton 
production in the modern Delta ranks among the lowest 15 percent of the world’s estuaries 
(Cloern et al. 2014). Tidal wetlands are highly productive habitats. Dendritic channels support 
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phytoplankton and benthic microalgae, and marsh plants provide surfaces for additional algae. 
Tidal marsh productivity supports benthic and pelagic food webs (Howe and Simenstad 2011, 
Harfmann et al. 2019), including fish that forage in shallow marsh channels, and to a lesser 
degree by the export of phytoplankton and zooplankton from the marsh to adjacent aquatic 
habitats (Herbold et al. 2014, Kimmerer et al. 2019). However, most tidal wetlands and shallow 
aquatic habitat in the Delta have been lost, and remaining habitats are distributed along the 
edges of large channels and flooded islands—adjacent to large areas of deep water—in 
contrast to the shallow, branching channels and tidal wetlands that characterized the historical 
Delta (SFEI-ASC 2014). The reduction of flow and land-water connectivity in the modern Delta, 
coupled with the landscape-scale loss of wetland and riparian vegetation communities, has 
greatly reduced the role of wetlands in supporting the Delta food web (Cloern et al. 2016). 

This arrangement has created an aquatic environment with lower residence time and higher 
velocities of water, resulting in lower phytoplankton primary productivity and lower food web 
support. Lack of primary production has been identified as one cause of decline for the 
endangered delta smelt population (Cloern et al. 2016). The gradual transition zone between 
wetland and terrestrial habitats, which supported many species, has been lost. The transition 
zone has been replaced by fragmented and narrow patches of terrestrial habitat on the Delta’s 
edge that provide fewer opportunities for foraging, cover, and movement of fish and wildlife 
species (SFEI-ASC 2014, Cloern et al. 2016). 

The impact to the Delta’s aquatic food web from changes in the Delta landscape has been 
compounded by the introduction of two nonnative invasive clam species—the overbite clam 
(Potamocorbula amurensis) and Asian clam (Corbicula fluminea). Both species are 
documented to be such effective filter feeders that they can greatly reduce phytoplankton 
biomass, thereby shrinking the base of the food web for the entire aquatic ecosystem. The 
effect of these two nonnative species is contributing to decreased populations of many 
previously common fish species—both native and introduced—a phenomenon known as the 
Pelagic Organism Decline (POD) (Sommer et al. 2007). Bivalves such as these nonnative 
clams also contribute to toxic accumulation of selenium in fish and diving ducks (U.S. Fish and 
Wildlife Service 2008, Thompson and Parchaso 2012). 

Alteration of Delta Hydrology 
In addition to land elevation, water flows and associated water levels are key drivers of habitat 
conditions and species dynamics within the Delta landscape. Within the northern, eastern, and 
western Delta, along the major river channels, high flows and resulting high water levels can 
seasonally inundate floodplains, temporarily converting terrestrial habitats into aquatic habitats. 
Freshwater flows are also a major source of sediment input to the system, which helps build up 
and maintain tidal wetlands. Additionally, flows influence salinity in the Delta, especially in the 
central and western Delta, which directly influences where many species are found. Flows also 
affect a number of other factors in the ecosystem, including dissolved oxygen, methylation of 
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mercury, and other water quality parameters including harmful algal blooms, aquatic weed 
growth, and migration and distribution of fish species (see Chapter 6 for a detailed discussion 
of water quality issues in the modern Delta). 

Delta ecosystem health is strongly tied to water supply management in the Delta watershed. 
The Sacramento and San Joaquin Rivers’ flows are highly managed to support agricultural and 
urban water supply, maintain water quality, and reduce flood risk (see Chapters 3 and 7). 
Management practices that control releases from upstream reservoirs for water diversions and 
exports reduced intra-annual variability, spring outflow, and average annual outflow by 
approximately 48 percent between 1986 and 2005 (Fleenor et al. 2010, SWRCB 2017). Long-
term flow modifications, reflected in these types of management actions, together with highly 
modified Delta channel geometry, have altered the seasonal flow, salinity, and sediment 
regimes in the Delta (Wright and Schoellhamer 2004, Enright and Culberson 2010) to the 
detriment of native species. Natural seasonal and year-to-year variability of river flows has 
given way to more stable, artificially regulated conditions. 

Flows have been modified at the expense of maintaining natural estuarine processes. For 
example, low winter-spring flows reduce access to spawning and rearing habitats in tributaries 
and floodplains (Sommer et al. 1997, Feyrer 2004, Feyrer et al. 2007). In certain regions of the 
Delta, some native fish species use flow direction as a migratory cue at different points in their 
life cycle, and a change in velocity or flow reversal may lead to confusion and affect migratory 
patterns (Monismith et al. 2014). The dams used to regulate flows for water supply and flood 
management purposes also create fish migration barriers and block access to spawning areas 
critical to salmonids, Sacramento splittail, and other native fish, and affect water temperatures 
and other water quality conditions. 

Less variable flow conditions also create improved habitat conditions for nonnative invasive 
species. Introducing nonnative species directly and indirectly affects native species 
populations through predation and competition for limited resources (NMFS 2009, Buchanan et 
al. 2013, Healey et al. 2016). While most new species introduced to the Delta system arrive 
unintentionally, nonnative species have also been intentionally introduced in the past. For 
example, many nonnative fishes were introduced into the Delta ecosystem for sport fishing, as 
forage for sportfish, for human food use, and due to the release of aquarium species (Moyle 
2002). Nonnative invasive plants in stream channels, wetlands, and riparian areas have also 
contributed to losses in native species richness, ecosystem function, and habitat quality (Blank 
and Young 2002, Reynolds and Boyer 2010, SFEI-ASC 2014). Reduced variability of salinity 
has also allowed for nonnative species to thrive in areas where they were not historically 
dominant (Nobriga et al. 2008.) Certain portions of Suisun Marsh have retained variability of 
salinity, channel flows, depth and turbidity, and remain associated with much lower numbers of 
nonnative species (Lund et al. 2007). 
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In addition, flow paths through the Delta have been highly simplified because of channel cuts, 
channel straightening, and widening (also described as “over-connectedness”). As described 
previously, the altered channel geometry reduces overall residence time of tidal flow and 
diversity of flow patterns and water quality. The south Delta diversions also cause reverse 
flows in the Old and Middle Rivers, causing entrainment of fish and other aquatic organisms at 
the export pumps despite management by federal and state agencies (Grimaldo et al. 2009). 
Additional entrainment occurs in unscreened minor diversions for in-Delta water use (Moyle 
and White, 2002). 

Although not discussed at-length in this chapter, the Delta and Suisun Marsh ecosystems are 
contaminated with metals, pesticides, and other legacy contaminants, as well as pollutants that 
have not yet been detected, such as flame retardants and pharmaceuticals (Werner et al. 
2008). For more details on water quality, see Chapter 6 of the Delta Plan. 

Ecosystem Resiliency and Climate Change Adaptation 
Climate change will have major implications for the future of the Delta ecosystem. It will lead to 
increased temperatures, changing precipitation and runoff patterns, increased frequency of 
extreme weather events, and rising sea levels (see “Climate Change” section on page 4-15 for 
specifics on how climate change will influence the Delta). As described in Chapter 3, these 
climatic trends must be accounted for in both water management and ecosystem sustainability 
strategies to improve system robustness and resiliency (Jenkins et al. 2004, Opperman et al. 
2009, Cahill and Lund 2013, Kiparsky et al. 2014, Null et al. 2014, Lund 2015, Dettinger et al. 
2015, Dettinger 2016, Poff et al. 2016). 

Although climate change will affect many of the Delta’s resources, a restored Delta can provide 
future climate change refugia in California’s Central Valley, buffering climate change impacts in 
a manner that enables the persistence of valued physical and ecological resources (Morelli et 
al. 2016). Because of its proximity to the ocean, the Delta is projected to be one of the coolest 
regions in the Central Valley, cooler than average by about 2°F (Dettinger et al. 1995, Cal-
Adapt 2017). While research by Bever et al. (2018) documented recent declines in wind 
speeds, future inland warming may enhance the Delta’s cooling breezes (Lebassi et al. 2009). 
Since wetlands and riparian areas possess higher water content compared to most upland 
areas, they absorb relatively more heat and can buffer against extreme high temperatures 
(Seavy et al. 2009). 

Tidal wetland restoration is expected to increase the availability and quality of food resources 
for native fish. Improved prey availability and diet quality can effectively increase the optimal 
growth temperature and thermal tolerance range for fish. Increasing the extent of riparian 
habitat throughout the Delta, specifically large woody riparian vegetation which overhangs and 
shades water from direct sunlight, would also help to lessen the effects of climate change on 
increasing water temperatures (Davenport et al. 2016). Additionally, riparian habitat helps to 
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recharge groundwater, and the reemergence of cooler groundwater into warmer surface 
waters creates important microhabitats of cooler water temperatures (Seavy et al. 2009). The 
locations and extent of tidal wetlands in the Delta will inevitably shift as sea levels rise. Tidal 
wetlands respond to rising sea levels by accreting soil matter to build up the elevation of the 
wetlands. It is currently uncertain how long tidal wetland accretion rates in the Delta will be 
able to keep pace with future rates of sea level rise. If accretion does not build sufficient 
material to keep pace, wetlands can migrate to adjacent areas of higher elevation. However, in 
the current Delta landscape many existing wetland patches are blocked from migrating upland 
by levees, roadways, or other infrastructure (Orr and Sheehan 2012, Dettinger et al. 2016). 
Species that depend on tidal wetlands, such as the saltmarsh harvest mouse in Suisun Marsh 
or black rail in the Delta, are therefore at risk of losing their habitat due to sea level rise.  

Climate change will have a profound impact on the landscape of the Delta and habitat 
conditions for species found in the Delta—including those with cultural significance for 
indigenous peoples, such as delta smelt, Chinook salmon, riparian brush rabbit, San Joaquin 
kit fox, and greater sandhill crane (Bedsworth et al. 2018). Many of these culturally significant 
species have already experienced great declines in population and distribution within the Delta 
and beyond (Hankins 2018). While the effects of climate change—due to changes in sea level, 
alterations in the cycles of wet and dry weather, and shifting patterns of flood and fire—have 
been experienced by indigenous peoples living in the Delta region for millennia, the 
opportunities for tribes to engage in resiliency have often been overlooked. Traditionally, such 
opportunities have been limited, because much of the natural habitat of the region has been 
heavily impacted by land-use conversion, and the wildland habitat that remains is extremely 
fragmented (Bedsworth et al. 2018). However, many indigenous belief systems have a 
common understanding that there is a reciprocity between the health of the natural landscape 
and cultural well-being; as such, restoration of the natural environment helps prompt cultural 
renewal, and cultural revitalization stimulates the push for continued protection of the natural 
environment (Kimmerer 2011). Restoration, enhancement and protection of the Delta 
ecosystem, especially in the face of climate change, promotes the long-term protection of 
culturally significant natural resources. 

Inundation of seasonal floodplains was historically tied to large precipitation events or spring 
snowmelt. With climate change, floods in the Delta are likely to increase in frequency and 
intensity of peak flows but decrease in total duration. The construction of flood management 
infrastructure, such as dams, levees, and weirs, reduced floodplain inundation width and 
extent, increased floodplain depth, and shortened inundation duration. The vast historical 
floodplains of the Sacramento and San Joaquin Rivers and their tributaries provided native 
species with an extensive, connected landscape with opportunities to access suitable 
floodplain habitat and refuge from high flow conditions. With the disconnection of floodplains 
from channels, the access to suitable floodplain habitat has become much more limited. This 
limitation will be magnified with increased and more frequent flood flows resulting from climate 
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change, making opportunities to access shallow, low-velocity floodplain habitat and refuge 
from high flow conditions even more limited. Reduced frequencies of long-duration inundation 
of the floodplain is expected to reduce the spawning success of native floodplain-dependent 
species like Sacramento splittail. Floodplain restoration would improve access for native 
species to low-velocity floodplains and flood refugia habitats, making the ecosystem more 
resilient to increased flooding by allowing native species to adjust to changes in water levels. 
Restoring seasonal floodplain functions would help to lessen the impact of more frequent 
extreme floods anticipated from climate change that can potentially damage downstream 
habitats. Further, managing floodplains as “green infrastructure” has many benefits for native 
species, recreation, and protection from sea level rise (Bedsworth et al. 2018). 

Climate change is likely to result in salinity intrusion inland into the Delta because of sea level 
rise and net reductions in freshwater inflow. In addition to rising sea levels, the amount of ideal 
low-salinity habitat for native fish such as the longfin and delta smelts will be affected by 
changes in runoff timing and intensity. All of these factors will alter the location and the extent 
of the area in the Delta and Suisun Marsh where habitat is suitable for fish species with 
specific salinity needs or tolerances.  

Native fish species which require cold water (below 71.6°F) may suffer as a result of climate 
change as water temperatures rise, because they exhibit lower physiological tolerances for 
elevated water temperatures compared to nonnative fish species introduced from areas where 
temperatures are warmer than those found in the Delta (Davis et al. 2019). Restoration 
planning may warrant opening up more downstream (seaward) habitat, where water 
temperatures are naturally cooler and could potentially be less favorable to nonnative fish that 
have limited tolerance for higher salinity (e.g., largemouth bass). Maintaining the viability of 
Chinook salmon and steelhead in Central Valley rivers in the face of climate change may 
require re-establishing connectivity to cold water habitats in upper watersheds that are 
currently blocked by major dams since there may be less future flexibility to operate reservoirs 
to manage flow releases that protect downstream populations of native fish. Larger storms 
may force flow releases for flood safety purposes and smaller winter snowpacks caused by 
warmer, wetter winter storms may reduce the ability to replenish reservoirs during the dry 
season. 

Warmer water temperatures may prompt more frequent harmful algal blooms (HAB) of the 
cyanobacteria Microcystis aeruginosa, which produces toxins harmful to fish (Lehman et al. 
2013, SWRCB 2016; other impacts of HABs are discussed in Chapter 6). It is also expected to 
lead to more rapid growth of certain undesirable nonnative plants, such as water hyacinth, 
which grows more rapidly in warmer temperatures. Warmer temperatures may increase the 
concentration of mercury in the food web through accelerate mercury methylation, algal 
photosynthesis, and consumption rates (Alpers et al. 2008). For land-based wildlife and 
vegetation communities, higher air temperatures could lead to drier soil conditions, change 
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plant community composition, and even disrupt timing between pollinators and plants. Past 
modifications and ongoing stressors have reduced the resilience of the Delta ecosystem and 
limited its ability to adapt to the anticipated effects of climate change.  

CLIMATE CHANGE 
The effects of climate change will have major implications for the future of the Delta ecosystem. 
Climate change is expected to have the following four effects on the Delta ecosystem: increased 
temperatures, altered precipitation and runoff patterns, increased frequency of extreme weather 
events, and sea level rise. The timescale on which these changes could occur depends on numerous 
factors, and may accelerate under global scenarios involving ice-sheet loss or permafrost thawing. 
The implications for the Delta ecosystem are summarized below: 

Increased Air and Water Temperatures 
• Increased moisture loss from evaporation and transpiration by plants, contributing to decreased 

river inflows, especially during summer 

• Increased frequency of summer heat stress on cold water-adapted species 

• More hospitable habitat for nonnative species adapted to warmer climates 

Altered Precipitation and Runoff Patterns 
• Runoff earlier in the wet season, and decreased dry-season flow from reduced snowpack 

• Decreased duration of peak flows 

• Reduced occurrence of long-duration seasonal floodplain inundation 

Increased Frequency of Extreme Weather Events 
• Increased frequency of larger, warmer storms 

• Increased frequency of floods and droughts 

• Increased sedimentation from extreme flood events and decreased water quality during droughts 

Sea Level Rise 
• Increased tidal water levels 

• Increased salinity intrusion into the Delta 

• Reduction in freshwater Delta habitat and an increase in saline Delta habitat 

• Reduced growth rate of submerged vegetation 
 

A Call for Action 
The rapid and drastic transformations of the Delta landscape and its watershed have had 
significant effects on the native fish and wildlife species within the Delta. These modifications 
include agricultural and urban development, channel modification, and construction of levees 
and water management infrastructure. Other factors have, in turn, contributed to ongoing 
stressors, such as the proliferation of nonnative species in the Delta and Suisun Marsh, 
mercury methylation, pesticide and toxin contamination, nutrient loading, and altered flows. 
Still other factors are expected to increase stress on the Delta in the future, such as new and 
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emerging contaminants, sea level rise, increased variability in hydrology, and other 
consequences of climate change. These changes demand that habitat restoration focuses on 
providing greater habitat resiliency, allowing native species to maintain thriving populations in 
the face of these environmental changes. 

Although projects are underway to partially alleviate some of these stressors (e.g., improved 
wastewater treatment at the Sacramento Regional Wastewater Treatment Plant and large-
scale habitat restoration projects), the challenges faced by the Delta’s native species are 
expected to continue into the foreseeable future. More than 230 species within the region are 
special-status species (DWR 2013a). Large-scale habitat loss or degradation likely has 
resulted in extirpation of regional native species populations from the Delta, such as the 
Sacramento perch (Moyle 2002), and especially of species that are habitat specialists; while 
some species have experienced precipitous population declines and could face extinction in 
the wild (e.g., delta smelt and winter-run Chinook salmon). This has led to protections for 
scores of plant and wildlife species under federal and state laws and regulations. Past species-
specific conservation efforts (e.g., what has largely occurred with implementation of the federal 
Endangered Species Act) have been extremely effective at preventing extinction of species 
placed under protection, but limited in prompting recovery of these same species (Taylor et al. 
2005, Schwartz 2008). In recent decades, the focus of conservation efforts has broadened 
beyond single-species management to specifically considering benefits of managing entire 
communities and ecosystems for broader benefits (Gray et al. 2019, Mount et al. 2019). 

As described in Chapter 3, there are conflicts between water operations for ecosystem 
management (temperature and flow variability), water quality (both in-Delta and for water 
exported from the Delta), and water supply reliability. These conflicts are magnified during 
critically dry periods and periods of lower flow—when the ecosystem is already stressed, and 
water suppliers are most vulnerable to shortages. Implementation of Delta Plan 
recommendations related to improved water conveyance and storage infrastructure and 
operational flexibility (addressing the timing of water movement through the Delta), combined 
with investments in regional self-reliance, are important parts of the portfolio of actions needed 
to support ecosystem restoration in the Delta. 

A key component of effective restoration is reestablishing fundamental physical processes 
(e.g., geomorphic, chemical) which are key drivers of ecological functions such as vegetation 
succession or food-web function (Larsen and Greco 2002, Greco et al. 2007, Cloern et al. 
2016). Reestablishing both physical and biological processes is commonly termed process-
based restoration, and it is key to the composition and structure of vegetation communities and 
meeting habitat needs of sensitive species. In areas where process-based restoration is not 
feasible (e.g., deeply subsided areas of the Delta), there can be opportunities to enhance 
conditions on working landscapes, such as farmland, to benefit certain native species. For 
example, flooding grain crop residues during the winter, following harvest, and establishing 
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managed wetlands for roosting on portions of agricultural properties, can produce beneficial 
habitat conditions for wintering sandhill cranes. 

Within the restoration science community there is an emerging emphasis on the importance of 
implementing process-based restoration because such actions address the fundamental 
causes of degradation of the ecosystem, rather than the symptoms (Beechie et al. 2010, 
Greco 2013, Wiens et al. 2016). Part of the motivation for that shift is a recognition that past 
restoration actions relied too heavily on engineered solutions to provide specific habitat 
features for particular species (e.g., placing gravels in reaches to expand salmon spawning 
habitat) and often provided limited benefits because they ignored larger environmental drivers 
(e.g., the reason why the reach did not already have spawning gravels) (Beechie et al. 2010). 
Process-based restoration requires input from experts in a wide array of science and 
engineering disciplines (such as hydrology, geomorphology, geology, and botany). Active 
adaptive management that incorporates explicit experimentation should be a key component of 
process-based restoration projects. Although restoration in the Delta has been planned for 
decades, implementation of large-scale, process-based restoration projects has only been 
initiated recently, which underscores the importance of monitoring and adaptively managing 
those projects. 

The Delta Reform Act requires that the ecosystem be protected, restored, and enhanced in a 
way that protects and enhances the unique cultural, recreational, natural resource, and 
agricultural values of the Delta as an evolving place (California Water Code section 85054). 
Discussions regarding the future management of the Delta have often been unproductive 
because of a perceived conflict between social and ecological objectives, due to differing 
cultural perspectives on the value of nature (Milligan and Kraus-Polk 2017). While some 
perspectives believe that nature should be protected simply because it has intrinsic value, or 
because there is a sacred or cultural connection with the land (Yocha Dehe Wintun Nation 
2015), others, such as utilitarian perspectives, only value the raw materials and resources that 
can be extracted from nature. Yet even utilitarian perspectives must recognize that the natural 
environment produces tangible social benefits, and that humans depend directly on the 
biological integrity of our natural landscapes to provide ecosystem services (Costanza et al. 
1997, Postel and Carpenter 1997). Ecosystem services are the economic benefits that society 
derives from ecosystem processes, including pollination (which supports food production), 
primary production (which supports fisheries), soil formation (which builds land elevation and 
sequesters carbon), and water storage and regulation (which can mitigate flood peaks) among 
other relationships (Costanza et al. 1997). The Delta’s agricultural economy, and cultural and 
recreational traditions, depend on these processes derived from the continued functioning of 
the Delta and its connected ecosystems. The meaningful benefits that society gains from a 
healthy ecosystem should inform decision-making concerning tradeoffs between land use and 
economic growth (Suding et al. 2015, Wiens et al. 2016). 
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A portfolio of approaches is necessary to manage ecosystems in highly altered and changing 
landscapes (Hobbs et al. 2014). These approaches include protecting existing ecosystems, 
restoring ecosystems, and enhancing working or urban landscapes that provide habitat 
resources to select species (Bay Institute 1998, Moyle et al. 2012, SFEI-ASC 2016). These 
approaches have varied potential to reestablish ecological processes in natural communities at 
a sufficient scale (and with connectivity, complexity, and diversity) to be resilient to land 
conversion and climate change. Given the urgency to improve the ecosystem, restoration 
should be prioritized in locations where it is possible to restore ecosystem function, while 
ecosystem protection and enhancement activities continue in other locations (Appendix Q3). 
Restoration involves the process of assisting the recovery of an ecosystem that has already 
been degraded, damaged, or destroyed, and works in tandem with ecosystem preservation by 
expanding ecological functions of the preserved ecosystems (Society for Ecological 
Restoration International 2004, McDonald et al. 2016). Whether implemented as the primary 
purpose of a project or as mitigation, restoration activities should be planned and designed to 
contribute effectively to restoring ecosystem function within the Delta. 

Vision for a Restored Delta Ecosystem 
Achieving the coequal goal of ecosystem protection, restoration, and enhancement means 
successfully establishing a resilient, functioning estuary and surrounding terrestrial landscape 
capable of supporting viable populations of native resident and migratory species with diverse 
and biologically appropriate habitats, functional corridors, and ecosystem processes. 
Ecosystem function, in this context, represents the full range of physical and biochemical 
processes that sustain an ecosystem over time and space (Naeem and Wright 2003), including 
the processes that sustain a native species assemblage in a particular area over time. 
Ecosystem functions include not just biological processes, such as biomass production, food 
web support, and biodiversity support, but also biogeochemical processes, such as nutrient 
cycling. 

The Delta Reform Act’s definition of restoration recognizes that the ecosystem will be dynamic, 
changing in response to restoration actions and future climate change (California Water Code 
section 85066, Healey et al. 2008, Delta ISB 2011). 

The Delta Reform Act calls for the Delta Plan to provide a long-term vision for restoring 
interconnected habitats within the Delta and its watershed by 2100 (California Water Code 
section 85302[e][1]). The Council envisions a future in which the Delta ecosystem has the 
following characteristics: 

■ Native species, including algae, plants, invertebrates, fish, birds, and other wildlife, are 
self-sustaining and persistent. 
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■ The tidal channels and bays in the Delta and Suisun Marsh connect with tidal wetlands, 
freshwater creeks, upland grasslands, and woodlands. The Sacramento and San 
Joaquin Rivers and other Delta tributaries include reaches where streams are free to 
meander and connect seasonally to functional floodplains. 

■ Habitats for native resident and rearing migratory fish, birds, and upland wildlife are 
connected by aquatic and terrestrial migratory corridors, including areas with high-
quality plant cover and feeding opportunities. 

■ More natural variations in water flows and conditions make aquatic habitats, tidal 
wetlands, and floodplains more dynamic; encourage survival of native species; and 
resist invasions by weeds and animal pests. 

■ The ecosystem is resilient enough to absorb and adapt to current and future effects of 
multiple stressors without significant declines in ecosystem services. 

■ The Delta will provide more reliable water supplies, in part because survival of its 
wildlife, fish, and plants do not require extraordinary regulatory protection (e.g., federal 
or California Endangered Species Act protection). 

■ Californians recognize and celebrate the Delta's unique natural resource values through 
wildlife observation, angling, waterfowl hunting, and other outdoor recreation. 

A restored Delta ecosystem depends on a future in which large-scale interconnected natural 
communities, characterized by land-water connections and natural vegetation, support 
productivity and diversity of native species that persist over long periods of time. This occurs at 
a scale needed to meet or exceed the goals in existing species recovery plans and state and 
federal goals with respect to doubling the population of salmon (California Water Code section 
85302[c][5]). Restored habitat and agricultural landscape elements will coexist within an 
evolving landscape whose course of gradual change depends on their location. This vision 
depends on effective contributions from all restoration activities, including mitigation and 
recovery plans. Currently 14 recovery plans, conservation strategies, and species-specific 
resiliency plans provide specific guidance on the level of ecosystem restoration needed 
(Council 2018a, Appendix Q4). These strategies and plans collectively address 121 of the 
most imperiled species, and considered together, provide the best available understanding of 
an ecosystem-based restoration target (PPIC 2013). It is currently estimated that it will take 
approximately 60,000-80,000 acres of net new functional, diverse, and interconnected habitat 
to achieve the fully restored Delta landscape envisioned in the Delta Reform Act (see 
Appendix E, PM 4.16) or roughly 7 to 10 percent of the combined land area of the Delta and 
Suisun Marsh. This estimate is comprised of multiple landforms and vegetation communities, 
and is based on a review of current planning and management efforts, including recovery 
plans, conservation strategies, and species-specific resiliency plans intended to benefit 
conditions for native species found in the Delta. 
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The future Delta will differ both from the Delta that was known to the region’s first inhabitants, 
and from the current ecosystem. Not every native species or natural area now found in the 
Delta may persist through the changes ahead, including climate change. The survival and 
recovery of native species, and the level of benefits provided by the Delta ecosystem, are 
dependent in part on the actions that Californians are willing to take to restore the Delta 
ecosystem. 

WHAT COULD A RESTORED DELTA LOOK LIKE? 
The Delta Reform Act calls for the Delta Plan to provide a long-term vision for restoring interconnected 
habitats within the Delta and its watershed by 2100 (California Water Code section 85302[e][1]). But this 
vision, and how it is achieved, may vary within different regions of the Delta. 
The Cosumnes River Preserve, which partially overlaps with the northeastern portion of the Delta, provides 
a case study for the potential outcome of a concerted effort to preserve and restore large patches of natural 
lands over the course of multiple decades. The Nature Conservancy and Ducks Unlimited established the 
Cosumnes River Preserve in 1987 to protect more than 1,000 acres of riparian habitat along the Cosumnes 
River corridor, which has uniquely large stands of remnant valley oak riparian forests and an intact flow 
regime. The Preserve now consists of over 50,000 acres of wildlife habitat and agricultural lands that are 
owned by seven different Preserve Partners: U.S. Bureau of Land Management (BLM), California 
Department of Fish and Wildlife, California Department of Water Resources, California State Lands 
Commission, Sacramento County Regional Parks, The Nature Conservancy, and Ducks Unlimited. The 
long-term vision of the partnership is to establish the permanent protection of a continuous riparian corridor 
extending from the Cosumnes River headwaters to the Delta, including adjacent floodplain and wetland 
habitats and a vast vernal pool grassland complex. 
The Preserve Partners work together to implement conservation measures that preserve and restore 
natural lands in a manner that integrates agricultural lands and practices. Six of the Preserve Partners are 
signatories to a Cooperative Management Agreement, which defines the process through which they 
coordinate ownership and management activities, and the authority each has to do so. For example, the 
Cooperative Management Agreement commits the BLM to providing a wetland manager position and a 
preserve manager position to coordinate all restoration and land management activities, funded jointly by 
multiple Preserve Partners. Much of the area along the lower 14 miles of the Cosumnes River is protected 
within the Cosumnes River Preserve, including approximately 70 percent of the existing riparian forest, and 
about 45 percent of the total existing and restorable riparian habitat. Many of the habitat improvements 
along the Cosumnes River have resulted from a combination of significant levee breaches that have 
occurred both naturally or intentionally. For example, in 1985, flooding resulted in an unintended breach of 
a levee two miles downstream of Twin Cities Road. The breach resulted in a substantial deposition of sand 
onto the floodplain and in the establishment of the “accidental forest” which now consists of a rich mosaic of 
riparian trees. Over time, the Cosumnes River Preserve partners have also conducted intentional breaches 
of levees to achieve similar results. More recent efforts have focused on restoring tidal wetlands and 
seasonal floodplains within the lower Cosumnes River, including the Cougar Wetland Restoration Project, 
the Grizzly Slough Restoration Project, and the McCormack-Williamson Tract Project. 
The levee breaches reestablished the connection between channel and floodplain, which, because the 
Cosumnes River is not regulated by a major dam, has restored the ecological processes of sediment 
deposition and riparian plant community colonization; allowing native fish species to utilize floodplains and 
neotropical song bird species to colonize the newly established riparian habitat.  
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Figure 4-2. Simulation of Restored Future Delta Landscape 
• This figure is a simulation of what a restored future Delta landscape might look like. It shows an aerial 

view of an agricultural landscape interspersed with riparian forest and floodplains that are connected to 
river channels. 

• Source:  SFEI-ASC 2016  
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Core Strategies 
The Delta Reform Act calls for the Delta Plan to include strategies to assist in guiding state and 
local agency actions related to the Delta (California Water Code section 85300[a]). The core 
strategies described below take a balanced approach to ecosystem protection, restoration, and 
enhancement by identifying changes that are required of the physical environment to 
reestablish ecological processes, at large scales, and within complex and diverse natural 
communities that are connected across the landscape, and that are resilient to threats 
associated with climate change and other factors. These strategies are interconnected and 
support one another; they should be implemented in combination with each other to make 
progress in achieving the objectives for the Delta ecosystem set forth in the Delta Reform Act. 

The core strategies describe how successful implementation of restoration actions depends on 
the ability of local, state, and federal agencies, as well as stakeholders, to coordinate and align 
activities. The five core strategies described in this section leverage decades of research, 
recovery planning, and restoration activities to lay out a path forward, increasing coordination 
and working towards a common vision for a restored Delta ecosystem. 

Core Strategy 1:  Create More Natural, Functional Flows 
The native plant, fish, and wildlife communities of the Delta evolved in response to natural flow 
patterns shaped by seasonal and inter-annual variation in streamflow. In estuaries, the 
interaction of river flows and ocean tides produces a salinity gradient from fresh water to 
brackish and salty water. River flows and ocean tides also deposit and erode sediment to 
shape the estuarine landscape and its habitats. Alterations of flow and reductions in land-water 
connection have altered these biological and geomorphic processes, negatively impacting the 
Delta’s natural communities. 

In tributaries and floodplains, low winter and spring flows reduce access to fish spawning and 
rearing habitats (Sommer et al. 1997, Feyrer 2004, Feyrer et al. 2007). Rapid declines in 
spring flows can also reduce successful recruitment of riparian trees and disrupt successful 
rearing of fish (The Nature Conservancy et al. 2008). Low winter and spring flows limit seed 
dispersal to low-elevation floodplains, where elevated summer flows inhibit seedling survival 
(Fremier et al. 2008, The Nature Conservancy et al. 2008). 

Within Delta channels and sloughs, low flows, combined with pumping at the federal Central 
Valley Project (CVP) and State Water Project (SWP), create reverse channel flows (i.e., net 
flows traveling upstream) that can create migratory confusion in some species (Monismith et 
al. 2014). When flow diversions occur simultaneously with certain fish life cycles, fish mortality 
due to entrainment may increase (Zeug and Cavallo 2014). Native fish in the Delta are more 
vulnerable to entrainment during winter and spring months, during their spawning and 
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recruitment periods, though flow management and salvage mechanisms can reduce this effect 
(Grimaldo et al. 2009). 

Delta outflow is also affected by flow alterations, including both upstream and in-Delta 
diversions. Outflow variability is recognized as a key factor promoting diverse native fish 
communities (Moyle and Mount 2007, Moyle et al. 2010). Modern water management practices 
have led to more stable hydrological conditions that are harmful to native species and 
conducive to certain nonnative species.  

Restoring Delta flows and channels is one of the Delta Reform Act’s subgoals to support a 
healthy ecosystem (Water Code section 85302[e][4]). While it is not feasible to replicate 
natural flows or the natural landscapes on which those flows interacted in deeply subsided 
regions of the Delta, it is possible to provide more natural functional flows, in coordination with 
habitat restoration, to support a resilient ecosystem (SWRCB 2017). Restoring flows to meet 
the natural history requirements of native species requires managing flows in a manner that 
mimics the historical natural hydrograph, such that rivers provide the functions that species 
require throughout their life cycle. This “functional flows” approach relies on a scientific 
understanding of how changes in the timing, duration, magnitude, and frequency of flows affect 
the surrounding landscape and the species that rely on it, such as large floods that scour and 
maintain channels; flows that create and maintain floodplain connectivity that supports 
spawning, food production, and rearing; and predictable rates of decline in flow resulting from 
snowmelt recession (Yarnell et al. 2015, Poff 2017). The functional flows approach highlights 
the necessity of providing flows that have sufficient magnitude, duration, and frequency and 
appropriate timing to affect river geomorphology, promote native species, and drive ecosystem 
processes (Figure 4-3, Yarnell et al. 2020). Over time, this approach can address ecological 
trade-offs by building flexibility into the system and taking advantage of different water year 
types (Alexander et al. 2018). 
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Figure 4-3. Comparison of Natural, Altered, and Functional Flow Regimes 
• This figure illustrates functional flows that have sufficient magnitude, duration, frequency, and timing to 

affect river geomorphology, native species, and ecosystem processes. The solid beige areas illustrate a 
hypothetical unimpaired flow regime. The solid green areas illustrate how flow alterations such as water 
storage and diversion create more stable flows that do not have the characteristics needed to support 
geomorphic and ecosystem processes. The hatched blue areas depict flow augmentation through 
releases from storage or reduced diversions to mimic key elements of the natural flow regime. 

• Source:  Mount et al. 2019. Reprinted with permission from the Public Policy Institute of California (PPIC).  
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More natural flow patterns will not provide all functions in a channelized and leveed landscape 
that would be supported in a restored landscape because some functions require that flow 
connect to and interact with land to create floodplain habitat and support aquatic primary 
production. Management of flow patterns can provide enhanced benefits by working in tandem 

KEY COMPONENTS TO A FUNCTIONAL FLOW APPROACH 
Recent research (Yarnell et al. 2015, Yarnell et al. 2020) identifies five key components of flow regimes 
that comprise a functional flow approach: 1) wet-season initiation flows, 2) peak magnitude flows, 3) spring 
recession flows, 4) dry seasonal low flows, and 5) interannual variability. Each of these components is 
described briefly, below. 
1. Wet Season Initiation Flows. The timing of first increased flows of the wet season, which coincide 

with storm events in the late fall to early winter period within the Delta watershed, functions to signal the 
start of an annual shift in riverine conditions. The magnitude of these initiation flows should be able to 
reestablish connectivity with the riparian zone and to flush out organic matter accumulated in the 
channel substrate (Yarnell et al. 2015). The first pulse of these increased flows often has higher 
suspended sediment concentrations because sediment on hillsides and in channels is flushed 
downstream. This sediment pulse is often an important life-history cue for species (e.g., delta smelt 
spawning migration). Altering the timing of, or eliminating, this key flow event can be detrimental to the 
life-history strategies of native species (Yarnell et al. 2015).  

2. Peak Magnitude Flows. High-magnitude peak flows during the flood season transport a large 
proportion of a river’s annual sediment load and help to restructure the channel and floodplain. These 
processes are important to trigger a reset in natural processes, such as scouring vegetation that has 
encroached in the channel, dispersing seeds and fragments of riparian vegetation, enhancing channel 
and floodplain variability by redistributing sediment, and eliminating nonnative species that are not 
adapted to such a disturbance regime. Large-magnitude peak flows also facilitate inundation of 
seasonal floodplains and backwaters for a duration long enough to allow for blooms of phytoplankton, 
and in turn zooplankton, and successful spawning by floodplain-dependent species.  

3. Spring Recession Flows. The transition from high flows to seasonal low flows is an important life 
history cue for many native aquatic species. Gradually receding flows can also be important in 
redistributing sediments mobilized by high peak flows. They allow for continued sediment movement in 
deeper channels and gradual deposition within shallower areas. The gradual recession from high flows 
to low flows also supports completion of biological processes, such as hatching of fish and amphibian 
eggs in shallow water areas, or germination of riparian plants, before the waters completely recede and 
the habitat dries out. 

4. Dry Season Low Flows. A period of seasonal low flows is important to promote habitat variability. 
Native species which have evolved in the highly variable inter- and intra-annual hydrologic regime that 
is so common in California are at an advantage compared to nonnative species introduced from 
systems with more stable conditions. If flows stay constant for too long, it can lead to silt accumulation 
in the channel bed and less complex channels with a reduced diversity of structural features preferred 
by native fish and other aquatic organisms. 

5. Interannual Variability. Variability in the magnitude, timing, and duration of peak and low-flow events 
regulates aquatic food webs and supports riparian vegetation recruitment and succession. Native 
aquatic and riparian species are adapted to interannual variability of flows, which supports greater 
species diversity and resilience to continued alterations in land uses and changing climate conditions. 
(The Nature Conservancy et al. 2008, Kiernan and Moyle 2012). 
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with habitat restoration to produce diverse and interconnected food webs, habitat structure and 
refuge options, and spawning habitat (SWRCB 2017). The large-scale approach to restoration 
of land-water connections described in Core Strategy 2 would improve the effectiveness of 
more natural, functional flows in recovering special-status species that depend on wetland and 
floodplain habitat. As described by the Delta Independent Science Board (ISB), “flow is but one 
factor affecting fishes” (Delta ISB 2015). As such, a functional flows approach needs to 
consider the various components which make up flow, and to evaluate how those flows 
interact with other environmental factors in particular habitat. The functional flows should be 
based on flow criteria that are established to support the biological needs of flow-dependent 
ecosystems and species (Wilson and Dibble 2010). These factors must be balanced when 
developing regulatory flow objectives for individual waterways, to address unique hydraulic 
characteristics, public trust values, and other beneficial uses of water. 

Development, implementation, and enforcement of new and updated flow objectives for the 
Bay-Delta and its tributaries are key to achieving the coequal goals. 

Implement and Regularly Update Flow Guidance 
Effectively managing flows to both restore the Delta ecosystem and improve water supply 
reliability is challenging, because flow-related stressors are likely to increase as the population 
grows and the climate changes. The State Water Resources Control Board (SWRCB) is 
responsible for preserving, enhancing, and restoring the quality of the state’s water resources 
for the protection of the environment, public health, and beneficial uses. Under this 
responsibility, the SWRCB prepares and updates the Bay-Delta Water Quality Control Plan 
(Bay-Delta Plan), which identifies beneficial uses of water, establishes water quality and flow 
objectives needed to protect those uses, and establishes a program of implementation for 
achieving the objectives (SWRCB 2019).1 

Delta Plan regulations require covered actions that could affect flow in the Delta to 
demonstrate consistency with the Bay-Delta Plan flow objectives (see Ecosystem Restoration 
Policy [ER P1]). The objectives included in the Bay-Delta Plan are largely flow-dependent and 
are primarily implemented through water rights and associated conditions on water project 
operations. 

The Bay-Delta Plan’s program of implementation includes actions by other entities, including 
habitat restoration and other nonflow actions, which are needed to protect beneficial uses of 
water. The SWRCB does not have direct regulatory authority over all of these actions, but 
encourages management strategies, such as voluntary agreements, that include a 
combination of flow and nonflow actions. Voluntary agreements that provide for reasonable 

 
1 The Central Valley and San Francisco Bay Regional Water Quality Control Boards also maintain water quality 
control plans for the Bay-Delta watershed to address other water quality parameters. 
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protection of beneficial uses of water could be considered and approved by SWRCB in the 
update and implementation of the Bay-Delta Plan. 

Pursuant to state and federal requirements, the SWRCB periodically updates the Bay-Delta 
Plan as needed for the reasonable protection of beneficial uses of water, based on best 
available science. Past scientific studies have identified the biological needs of the Delta at up 
to 80 percent of unimpaired flows (Richter et al. 2011). Subsequent work to balance biological 
needs with all other beneficial uses proposed a range of 35 to 75 percent of unimpaired flows, 
generally not allowing for flows lower than existing conditions (SWRCB 2017). While the 
Council does not have a direct role in updating the Bay-Delta Plan, the Delta Science Program 
advises the SWRCB regarding best available science and adaptive management related to 
Delta flow objectives, primarily by facilitating independent advisory and review panels (see 
Ecosystem Restoration Recommendation [ER R]1). 

As described above, flow interacts with the surrounding landscape and affects native species 
habitat. Therefore, several Delta Plan regulatory policies and recommendations promote 
protecting, restoring, and enhancing riparian floodplains and tidal wetlands in a manner that 
allows space for flows to access them. Ecosystem protection, restoration, and enhancement 
projects, including mitigation, resulting from potential voluntary agreements may be covered 
actions required to demonstrate consistency with applicable Delta Plan policies, including a 
demonstration of the use of best available science. 

Through a combined effort to create more natural, functional flows and restore land-water 
connections in low-lying areas in the Delta, floodplain and tidal wetland habitats can support 
recovery of native species and potentially improve water supply reliability. This means that the 
frequency and duration of inundation in the Yolo Bypass would be sufficient to support native 
migratory fish spawning and rearing; that pulse flows on the Sacramento River would be large 
enough, and the recession rate slow enough, to support habitat formation and maintenance; 
and that more natural functional flow patterns would be created, allowing for natural variability 
in water year types (Figure 4-3, above) (see Appendix E, PM 4.2). When management actions 
use functional flows that reflect natural variability, efforts to create a more reliable water supply 
can work together with ecosystem protection, restoration, and enhancement. 

Core Strategy 2:  Restore Ecosystem Function 
The Delta Reform Act specifies a subgoal to restore large areas of interconnected habitats 
within the Delta and its watershed by 2100 (California Water Code section 85302[e][1]). The 
Delta Reform Act identifies diverse and biologically appropriate habitats and ecosystem 
processes, functional corridors for migratory species, and viable populations of native species 
as characteristics of a healthy Delta ecosystem (California Water Code section 85302[c]). The 
Delta Reform Act requires that the Delta Plan include measures to promote conditions 
conducive to meeting or exceeding the goals in existing species recovery plans and state and 
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federal goals with respect to doubling salmon populations (California Water Code section 
85302[c][5]). An evaluation of existing species recovery plan and conservation plan targets 
indicates that it will be necessary to reestablish tens of thousands of acres of functional, 
diverse, and interconnected habitat (Council 2018a, Appendix Q4). The magnitude of this need 
dictates a change in existing approaches to protecting, restoring, and enhancing the Delta 
ecosystem. 

Although implementing the Delta Plan will help to achieve the specific objectives set forth in 
recovery plans and the salmon doubling goal, the Delta Plan is not intended to be constrained 
by or limited to objectives that focus only on a subset of the Delta’s native species. Restoring 
ecosystem functions by establishing large areas of interconnected habitat—along with the 
other four strategies identified in this chapter—will help increase the likelihood that the 
objectives of recovery plans and salmon doubling are met (see Appendix E, PM 4.6), and will 
also benefit a broader array of native Delta species. 

Decades of efforts aimed at improving aquatic and terrestrial ecosystems of the Delta and 
Suisun Marsh have failed to prevent declining species populations. Many of these efforts are 
limited to single-species conservation, recovery, or mitigation projects. Best available science 
supports an emphasis on restoring ecosystem function over single-species management 
(SFEI-ASC 2016, Council 2018a). However, agencies charged with stewardship and 
restoration of the Delta ecosystem have limited ability to change these practices due to 
permitting requirements and restrictions on the amount and use of public funds. Information 
gaps also prevent more systematic planning and adaptive management of these activities and 
investments (additional information is discussed in Core Strategy 5). Ecosystem protection, 
restoration, and enhancement are not just about adding up the acres of restored habitat, but 
also about landscape-scale ecosystem attributes, such as connectivity, complexity, diversity, 
and scale (SFEI-ASC 2016). 

Priority Attributes 
The Delta ecosystem is naturally dynamic in response to a variable climate and variable river 
flows. A sustainable Delta ecosystem needs to be large, diverse, and structurally complex in 
order to accommodate this variability and sustain native species communities. Best available 
restoration science identifies the following priority attributes that maximize the effectiveness of 
individual ecosystem protection, restoration, and enhancement projects: 

1. restore hydrological, geomorphic, and biological processes 

2. be large-scale 

3. improve connectivity 

4. increase native vegetation cover 

5. contribute to the recovery of special-status species 
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Each of these attributes is discussed below. Additional information is provided in Appendix Q2; 
see also regulatory Appendix 3A. 

Restore Hydrological, Geomorphic, and Biological Processes 
Ecological processes consist of the physical, chemical, and biological processes that connect 
organisms and their environment, such as nutrient cycling, erosion, sedimentation, and 
accretion. Reestablishing these processes requires reestablishing land-water connections 
(e.g., floodplains, river channels, tidal channels, and marsh plains). Ecological processes 
function to sustain the natural ecosystem, including its native species, communities, and 
habitats within the Delta over time (Beechie et al. 2010, Greco 2013, Wiens et al. 2016). 

Be Large-Scale 
The ecological processes described above occur over varied scales and time periods (Palmer 
et al. 2016, SFEI-ASC 2016). Larger-scale protection, restoration, and enhancement projects 
implemented over long periods of time can accommodate ecosystem processes more 
effectively, compared to small-scale projects. (Kauffman et al. 1997, Simenstad et al. 2006, 
Opperman 2008). Similarly, larger-scale projects are expected to create natural systems that 
are more capable of sustaining desired functions in uncertain future environmental conditions 
(Peterson et al. 1998, SFEI-ASC 2016). 

Improve Connectivity 
Connected habitats are important for sustaining species populations and biological diversity 
across increasingly fragmented landscapes. Connectivity requirements are specific to each 
species and how it uses the landscape. For example, certain mammal species may require 
adjoining corridors of suitable habitat to be able to move from one area to another. By contrast, 
habitat patches separated by miles are functional connections for many bird species. Various 
aspects of connectivity are crucial to riparian and wetland systems’ ability to support 
biodiversity (Vannote et al. 1980, Poff et al. 1997). This heightens the importance of such 
ecosystems, in light of ecological adaptation and a rapidly changing climate (Naiman et al. 
1993, Seavy et al. 2009, SFEI-ASC 2016). 

Increase Native Vegetation Cover 
The loss of native vegetation cover has greatly reduced habitat complexity in the Delta over 
the last 160 years, completely altering aquatic and intertidal food-web dynamics (Moyle et al. 
2010, Whipple et al. 2012). Restoration of complex ecosystems will require reestablishment of 
native vegetation communities, and the underlying processes that support their recruitment, 
disturbance regimes, and community succession. Restoring a variety of native vegetation 
cover types can promote ecological resilience and enhance native biodiversity by providing a 
range of habitat options for species, thus expanding the types and numbers of species that a 
landscape can support. 
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Contribute to the Recovery of Special-Status Species 
Many native plant, fish, and wildlife species in the Delta are imperiled by human activities, and 
have varying degrees of risk of elimination from the Delta landscape or outright extinction. 
Habitat loss and degradation and the resulting impacts on food-web dynamics have been a 
major cause of the special status of these species (Suding 2011, Palmer et al. 2016). 
Restoring ecological functions is an important requirement for the recovery of these species. 

Improve Project Design 
Ecosystem protection, restoration, and enhancement actions that have all five priority 
attributes will be most effective in restoring ecosystem function. Actions with only one or two of 
these attributes would be less effective, although they would still contribute toward the goal. 

In locations where conditions in the landscape allow for ecosystem protection, restoration, and 
enhancement actions that would achieve most, if not all, of the priority attributes, the focus 
should be on ensuring that such projects are designed to achieve as many of these attributes 
as feasible. It is inappropriate to implement ecosystem protection, restoration, or enhancement 
actions (whether for mitigation, recovery, or other objectives) that can only achieve one or two 
of the priority attributes in locations that could potentially support four or more of these 
attributes, since such areas are extremely limited within the Delta. Areas of the Delta that can 
only support projects that achieve one or two of the priority attributes are much more 
commonplace (e.g., areas which are too subsided to ever support tidal wetland restoration). 
The incremental benefits to ecosystem function achieved by implementing a singular action 
with a very limited number of the priority attributes may be modest, but given that there are 
ample opportunities to implement these actions throughout the Delta, wide-scale 
implementation of such projects can make meaningful contributions to ecological functions. 

Certifications of consistency for all covered actions that consist of or include components of 
environmental protection, restoration, or enhancement—including implementation of recovery 
plans and mitigation projects—must demonstrate that the covered action has one or more of 
the five priority attributes (see New ER Policy “A”). There are several examples of restoration 
projects that include restoration of ecological processes, and all or most other priority 
attributes. These include the Dutch Slough Tidal Marsh Restoration Project, the West 
Sacramento Southport Setback Levee Project, and the Lindsey Slough Tidal Marsh 
Restoration Project. Each of these projects is large-scale and has been designed to restore 
land-water connections, improve habitat connectivity, reestablish native vegetation 
communities, and benefit special-status species. Planning and implementation of these 
projects required collaboration among multiple jurisdictions, and support from multiple funding 
sources. Continued progress toward projects that restore ecological processes and most other 
priority attributes will require continued focus on interagency collaboration, new funding 
sources, and prioritizing funding for such projects in the future (see New ER Recommendation 
“A” and Appendix E, PM 4.14). 
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Numerous economic and financial trade-offs are involved in Delta ecosystem protection, 
restoration, and enhancement projects. State and local decision-making also should consider 
and recognize the social and economic value a functioning ecosystem would provide to the 
Delta, its residents, and the state as a whole. To this end, certifications of consistency for 
covered actions that include environmental protection, restoration, or enhancement—including 
implementation of recovery plans and mitigation projects—must also describe the cultural, 
recreational, agricultural, and natural resource benefits expected to result from the action. 

Successful ecological restoration in the Delta must also include a well-coordinated and 
collaborative approach with Delta residents, agricultural interests, airports, and other 
stakeholders. Protection, restoration, and enhancement projects should consider the 
surrounding land-use context, and integrate it with the surrounding environment. For example, 
additional avoidance and mitigation measures may be warranted for wildlife hazards resulting 
from restoration near airports. Project proponents should use the California Department of 
Water Resources (DWR) Good Neighbor Checklist when planning and designing restoration 
projects in order to demonstrate that projects avoid or reduce conflicts with existing uses (see 
New ER Recommendation “B”). 

Functional Floodplains 
Restoring ecological processes is both challenging and complex. Environmental planning and 
implementation actions undertaken to meet different policy objectives, funding requirements, 
and statutory and regulatory obligations often result in missed restoration opportunities. For 
example, agencies charged with improving levees to protect Delta communities must meet 
stringent standards, at high cost, and with tight timelines. These agencies are primarily 
charged with providing flood protection and, therefore, have an incentive to maintain, repair 
and rehabilitate levees in-place and to mitigate vegetation removal off-site. Such an approach 
streamlines permitting requirements and keeps costs low and assessments affordable. 
Unfortunately, along most of the Sacramento and San Joaquin Rivers, levees are near the 
water’s edge, leaving little room for habitat features, which often are provided only by trees 
growing immediately adjacent to or on the levees themselves. 

Floodplains provide important opportunities to restore ecosystem processes in the Delta. 
Projects that expand floodplains at a sufficient scale have the potential to feature all five 
restoration priority attributes. Natural floodplain processes of erosion, bank cutting, and 
sediment deposition could be restored. Setting back or removing levees within the floodway 
would provide lateral connectivity for aquatic and riparian species to access shaded riverine 
habitat, and would increase important floodplain rearing habitat for juvenile salmon. As 
described in Core Strategy 1, native fish do particularly well when flows through expanded 
floodplains follow more natural patterns (Davenport et al. 2016). Floodplain restoration must 
work in tandem with management of flow patterns in order to create accessible floodplain 
habitat and support primary production that is available to aquatic organisms. 



CHAPTER 4. PROTECT, RESTORE, AND ENHANCE THE DELTA ECOSYSTEM 

4-36 DELTA PLAN, AMENDED – DRAFT – MAY 2020 

YOLO BYPASS AND COSUMNES RIVER FLOODPLAINS 
The Yolo Bypass and Cosumnes River floodplains offer good illustrations of ecosystem and flood risk- 
reduction projects working together. These areas provide migratory and rearing habitat for salmon, and 
important habitat for other native fish, birds, and bats. The California Department of Fish and Wildlife 
manages the Vic Fazio Yolo Wildlife Area, a 16,000-acre public-private restoration project in the Yolo 
Bypass, to promote waterfowl and other bird populations. The Cosumnes River Preserve consists of over 
50,000 acres jointly owned and operated by the Bureau of Land Management, California Department of Fish 
and Wildlife, California Department of Water Resources, California State Lands Commission, Sacramento 
County Regional Parks, The Nature Conservancy, and Ducks Unlimited.  

 

There are limited locations in the Delta where land use, land elevation, and primary fish 
migration corridors are conducive to physically expand floodplains (see Appendix Q1 for 
methods). To ensure that these opportunities are not foreclosed, new flood control works and 
capital improvement projects to existing flood control works in these priority locations (Figure 
4-4, which is also Appendix 8A) must evaluate the feasibility (as defined in 23 CCR section 
5001[p]) of setting back or removing existing levees in order to physically expand the width of 
the channel (see ER P4). By engaging in this evaluation early in project planning, before 
funding decisions are made, reclamation districts and flood control agencies can build 
partnerships and projects that both reduce flood risk and restore ecosystem function. 
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Figure 4-4. Priority Locations to Evaluate Physical Expansion of Floodplains 
  




